There are indications that when more mature, or advanced EHR use exists, 18 including, for example, better integration with workflow, 20 positive effects may be realized. Therefore, it is important to be able to assess EHR use effectively, so that the link between use and outcomes can be further explored.
Current approaches to assessing the degree to which clinicians use their EHRs in day-to-day practice focus primarily on the use/nonuse of component parts of the EHRi.e., functions of the EHR such as ordering laboratory tests. Therefore, unidimensional (for example, asking if the EHR is used yes or no), and binary measures of EHR use (for example, those that simply ask if an EHR function is usedyes or no) may be inadequate to evaluate actual use; positive outcomes associated with EHRs may be better gauged when multiple dimensions of EHR use are taken into account.
It is thus important to develop a comprehensive, multidimensional set of measures for evaluating EHR use. While Schoen et al define multifunctional EHR use as "Uses electronic medical records and at least two electronic functions in each of the following four domains: generating patient information, generating panel information, order entry management, and routine clinical decision support," we propose that assessments of use can take into account more than just the use of multiple EHR functions. 5 Therefore, multidimensional assessments of electronic medical record (EMR) use could go beyond these traditional measures to include, taking into account the way that the EHR is used during patient encounters, exploring the way that different primary care practitioners use the EHR, understanding how the EHR is being used by a team of practitioners versus an individual, and evaluating degrees of function use. As a first step, we need to understand how primary care EHR use has been measured.
In Canada, while EHR use measures exist, 21, 22 there is currently no nationally agreed upon framework for EHR use in the primary care setting. There are many provincially based incentive programs for EHR adoption, which employ differing frameworks for measuring use. 2 While approaches to measuring EHR use exist for other settings, 23, 24 there is no universally accepted, standard way EHR use is assessed across all health care settings. There are some unique aspects of primary care, for example, that it is defined by first contact care provided on a longitudinal basis to a population of patients attached to a particular practice, where the practitioner is often the coordinator of care across settings, that make primary care EHRs and the data within them, different from medical records used in other settings. There is a body of literature which we seek to explore in this article, which focuses on measuring EHR use in the primary care setting. To date, there are no sources which comprehensively describe the sets of primary care EHR use measures reported in the literature. We focused on primary care EHRs with a view to define the review according to our interests in the type of EHR used in primary care practice, as well as the importance and scope of the setting in terms of the health care system. 25, 26 Electronic records systems in health care are named inconsistently in the literature as EMRs 2 and EHRs. 3, 11 For the purposes of this study, we use the term EHR, defined as computer-based systems that record and store a patient's health and medical information such as medical history, encounter notes, prescriptions, and laboratory reports. EHR systems also allow electronic sharing of such records with authorized health care providers. 27 Objective This article conducts a scoping review of the literature to identify and classify measures of primary care EHR use with a focus on the Canadian context. In this context, measures are tools or instruments by which clinician use of EHRs in practice can be assessed.
Methods
This scoping review was performed following the methodological framework of Arksey and O'Malley 28 and Levac et al. 29 Scoping reviews "map rapidly key concepts underpinning a research area and the main sources and types of evidence available […] especially where an area is complex or has not been reviewed comprehensively before." 28 The review followed six stages: identifying the research question; identifying relevant studies; study selection; charting data; collating, summarizing, and reporting results; and stakeholder consultations.
Identifying Relevant Studies
A preliminary search was performed on the following literature databases: PubMed, Cochrane, CINAHL, Web of Science, and Proquest in December 2015. No date restrictions were defined. Search queries included keywords relating to EHRs, primary care, and measuring use. If available (PubMed, Cochrane, and CINAHL), indexed subject headings were also used. A supplementary search was conducted in PubMed using the National Library of Medicine's custom query for EHRs. 30 A research librarian from The University of Western Ontario was consulted as we developed our search strategy. Once preliminary results were obtained, abstracts of 15 randomly selected articles were evaluated to ensure that the topic of interest was effectively captured. Search queries were refined based on this evaluation (see ►Appendix A).
Study Selection
A total of 514 results were obtained from the combined searches (see ►Fig. 1). After the removal of 106 duplicates, 408 articles remained. Five additional texts identified based on prior knowledge of one author (A.L.T.) were added for a total of 413 unique articles, which were independently reviewed by A.L.T. and M.Z.H. Abstracts were included if: (1) the article included the primary care setting, (2) there was a focus on health information technology, and (3) the study focus/objective was to measure EHR use (please see ►Appendix A for keywords and subject headings we used in our search that correspond to each of these concepts). The latter criterion reflects our interest in measures of actual EHR use versus the simple availability of functions. Articles were excluded if the abstract could not be obtained. Following independent review of the abstracts, we resolved inclusion/ exclusion disagreements in person by consensus. Of 413 articles, 84 had abstracts that met the review criteria.
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Full texts of the 84 articles were obtained, and evaluated independently by A.L.T. and M.Z.H. Full texts were included if they: (1) explicitly included primary care practices, and (2) focused on applying a multidimensional set of measures for EHR use. Conflicts were reconciled in-person. As we were interested in measures that assessed overall EHR use as a more realistic reflection of day-to-day use, we excluded studies assessing only one EHR function. Of the 84 articles, 56 did not meet the review criteria. One article was excluded as the full text could not be accessed.
As a supplement, we also selected four articles identified through a gray literature search. The Web sites of governmental and professional organizations relating to eHealth/ health information technology in Canada, the United States, the United Kingdom, Australia, and New Zealand were manually searched (see ►Appendix B). The countries were chosen because they were English-speaking and had high levels of EHR adoption. 5 Types of literature excluded were: newsletters, press releases, commentaries, newspaper and magazine articles, and annual reports. The inclusion criteria for the gray literature were the same as that for full text articles.
Reference lists of included texts were manually screened for additional relevant citations. Six additional articles were identified. In total, 37 articles were included for review (►Fig. 1).
Data Extraction
A preliminary data charting form was developed and tested independently by A.L.T. and M.Z.H. on five randomly selected articles. Feedback from testing was used to refine the form (see ►Appendix C), after which it was applied by M.Z.H. on the remaining articles. The following information was recorded, if available: author affiliation, country of origin, type of study, rationale of study, setting, unit of analysis, basis for measure development, and whether the measure applied had an overall classification of levels of use. If the article measured use of specific EHR functions, all functions evaluated and degrees of use were recorded and organized into categories (see ►Table 1).
Expert Consultation
In June and July 2016, we conducted four semistructured interviews with seven stakeholders (two of the interviews were conducted with a group of participants) who had EHR expertise. Participants included one clinician researcher, one provincial-level clinician knowledge user, and five knowledge users, all from Canada. In keeping with scoping review methodology, 29 prior to the interviews we circulated an executive summary of the review to participants. In the interviews, we asked participants questions focused on their experience with EHR use, their views on the findings of the scoping review, and their ideas regarding important considerations for measuring EHR use in Canada. 
Results

Study Characteristics
Of the 37 articles included, 26 reported on studies that were conducted in the United States. Nine articles were Canadian, 21, 22, [57] [58] [59] [60] [61] [62] [63] one was from Switzerland, 64 and one was from the United Kingdom. 65 The dates of publication ranged from 2000 to 2015. An increasing trend in articles published per year was noted (►Fig. 2). Most studies were cross-sectional (n ¼ 25). Six longitudinal studies evaluated changes in EHR use over a period of time. 22, 34, 36, 41, 56, 61 One text was a discussion article presenting a model for measuring information maturity, 65 and one article featured a comparison of two national surveys. 38 Setting Thirteen studies were specific to primary care. Ten studies did not specify a setting, but included primary care physicians or practices in their analyses. Some specified a particular category of health organization, such as patientcentered medical homes (n ¼ 2), 31, 46 small-to mediumsized practices (n ¼ 4), 33, 40, 45, 56 and rural primary care practices (n ¼ 2). 22, 54 The perspectives of the studies reviewed varied in whether they measured EHR use at the level of the practice/clinic (n ¼ 16) or at the level of the individual physician (n ¼ 15). One study was conducted at the level of physician-nurse teams (n ¼ 1). 55 Note: Not included is Gillies, 65 in which the stages of use described were broad and specific functions were not listed. Functional categories were defined as follows: Administration: Functions used outside clinical practice which do not directly pertain to health information (e.g., billing, scheduling). Health Information: Viewing and recording patient information (e.g., medical history, visit notes, laboratory results). Order Generation: Generating prescription, laboratory, imaging, and consultation orders. Information Exchange: Electronically sending/receiving data with other health care organizations. Decision Support and Care Management: Functions which enhance or process information to facilitate care and care management (e.g., drug or laboratory-related alerts, care reminders, viewing clinical guidelines). Patient Support: Use of patient portals, patient education materials. Public Health: Submitting data to patient registries, public health reporting.
Data Collection Method
Five studies used a mixed-methods approach to collect EHR use data. 33, 37, 46, 52, 55 Quantitative data collection methods were most frequently used, and included surveys (n ¼ 21) administered by mail, phone, or the Internet. Five studies used electronic data extraction or reporting. [45] [46] [47] 53, 63 Electronic reporting includes the analysis of Meaningful Use attestation reports, which were required as of 2011 in the United States. Qualitative data collection methods, including in-person interviews (n ¼ 8), 22,33,37,52,55,56,60,61 and onsite observation (n ¼ 5), 33, 37, 41, 52, 55 were used less often.
Measuring EHR Use
Measuring use through assessing the utilization of individual EHR functions was the most prevalent metric encountered; however, there were a subset of studies which also included other factors involved in EHR use.
Use of EHR Functions
With the exception of Gillies, all studies measured use of specific EHR functions (n ¼ 36). The functions fell into the seven broad functional categories of administration (n ¼ 24), health information (n ¼ 33), order generation (n ¼ 29), information exchange (n ¼ 31), decision support and care management (n ¼ 35), patient support (n ¼ 24), and public health (n ¼ 18) (see ►Table 1). The specific functions that were encountered most frequently in each category are shown in ►Table 2.
Metrics for degree of use of specific functionalities were most often binary, distinguishing between use and nonuse of functions (n ¼ 15). Likert scales (e.g., "do not use," "use sometimes," "use all of the time") to determine use frequency were also used (n ¼ 7), 34, 42, 44, [48] [49] [50] 54 and ranged from 3 to 5 points.
The basis for the creation of the list of EHR functions for evaluation was often not stated. Only a few studies stated that a list of EHR functions was generated via a review of literature (n ¼ 3). 57, 58, 64 Two articles used a set of functionalities that were determined by an expert panel. 35, 54 The list of core EHR functions described by the Institute of Medicine was referenced by four studies as a basis for developing the lists used. 22, 49, 59, 60 
Other Measures of EHR Use
Other measures of EHR use reported included Makam et al, 39 where methods used by primary care physicians to record encounter notes within the EHR (dictation, free text, prepopulated dot phrases, electronic templates) were analyzed. This study also recorded the amount of time that physicians spent on clinical documentation in the EHR outside of their 
Frameworks of Overall Measures of EHR Use
►Fig. 3 shows our characterization of measures of EHR use. Almost half of the articles (n ¼ 18) measured the use of each EHR function individually. In contrast, we identified 19 studies that categorized use of various EHR functions into maturity stages that characterized overall levels of use. Within the 19 studies, 8 distinct frameworks were used. Many were models of general EHR maturity within a practice, and included measures of use. In general, functions directly related to the clinical environment (note-taking, order generation) were at the lowest levels of use, followed by more complex local functions (administration, decision 
HIMSS Analytics
The Ambulatory EMRAM (A-EMRAM) developed by HIMSS Analytics consists of eight stages of EHR Adoption for practices, from stage 0 (article chart based) to stage 7 (fully integrated and health information exchange-capable EHR). An evaluation of the stages of EHR adoption of patientcentered medical homes in the United States was conducted by Belz using this model. 
Frameworks by Individual Authors
General Practice Information Maturity Model-United Kingdom
The General Practice Information Maturity Model (GPIMM) is described by Gillies. 65 This model outlines six levels (0-5) of information maturity in a general practice, from articlebased to articleless. It takes into account the presence of EHR coding features, as well as which staff members in the practice use them.
Feedback from Stakeholder Consultations
There were two main areas of feedback from participants regarding the scoping review. First, participants in the stakeholder consultation phase of the scoping review identified resources which added to the currency of this review's content. The majority of the new resources that were identified were incorporated into the background section of this article. Second, participants offered new insights and perspectives regarding measuring EHR use, particularly in Canada.
In terms of the scoping review findings, participants noted the small number of studies overall, reflecting the early stage of this body of literature. The dominance of studies from the United States was discussed, as was the need for caution regarding the applicability of these studies in Canada's much different health care context. Participants echoed many of the points raised in the review, including: the importance of making a distinction between simple adoption, and full multifunctional EHR use; the fact that there are disparate existing EHR assessment tools, and that there is a need for a consensus across Canada on how to measure EHR use in a standard way; as well as the importance of measuring capabilities of EHR systems. There were strong views expressed about the need for ongoing nuanced measurement of EHR use (for example, determining what kind of EHR use would be needed for different patient groups, creating measures sensitive to different primary care contexts), and that these measurements should be linked to initiatives to advance EHR use among practitioners. Participants suggested that multiple initiatives could improve EHR use-including incentives in the primary care context, as well as quality improvement activities. The need to identify solutions to improving EHR use, potentially through research, was voiced.
Sharing the summary of the scoping review with stakeholders afforded the authors the opportunity to conduct the first steps of knowledge translation. In turn, the participants shared new resources with the authors and discussed important areas for future research. Taken together, the consultation process served to enhance the scoping review itself, while also affording participants and authors the opportunity for knowledge transfer and exchange.
Discussion
In the past, primary care EHR adoption in Canada lagged behind other countries such as the United Kingdom and the Netherlands. More recently, however, adoption levels among primary care practitioners have increased significantly, though there is variation among provinces. 7 A variety of support programs among the provinces encouraged adoption. 7 However, overall there is limited use of advanced features in the EHR among Canadian primary care practitioners. 6 Understanding advanced EHR use is a complex task, and currently there is a lack of information in the Canadian context in this regard. 57 Given the rising use of EHRs, and the link between advanced use and potential benefits to patient care, 18, 20 it is important that we are able to measure EHR use effectively. Given the nature of the Canadian primary care system (e.g., that it is: recognized as the foundation of the system; the first point of contact; where care is coordinated; and where the majority of care is provided), 25, 66, 67 it is important that measures of EHR use are applicable in this context. Thus, we set out to explore existing EHR use measures in the literature within this review.
This review found a relatively small body of literature on measuring EHR use in primary care. The volume of this literature is developing, and the rate of publication of articles on this topic is increasing as the number of EHR users grows. The current literature focuses on assessing the use of specific functions within the EHR system.
Reviewed articles were relatively evenly divided between the practice and the physician-level perspective. Incentives programs such as Meaningful Use, as well as provincial programs in Canada, give incentives to eligible physicians, and develop measures intended for physician-level use. However, most of the eight frameworks identified in this review can be applied to both perspectives. For example, of the six articles which used the Meaningful Use framework, four were based on a practice-level perspective, and two were physician-level.
Within the articles in this review, surveys were the most widely used method for collecting data on EHR use. For quantitative studies, surveys are appropriate as they can facilitate larger sample sizes. However, survey studies can be subject to bias because they are based on self-report. Further inaccuracies can occur when a single physician is chosen to report on usage data for the entire practice (for example, Singh et al). 51 Direct observation and semistructured interviews can provide a more detailed evaluation of use, but are also more time-intensive. Most notably, this review highlights the potential of electronic reporting to evaluate use. Two articles used EHR audit data to determine levels of use. Three studies relied on Meaningful Use attestation reports, which are also reported electronically through the EHR system. Electronic reporting presents an objective and efficient method to evaluate use; however, the capability to do so must be present in the EHR software. Ongoing certification of EHR systems and vendors can ensure the consistency of functions available. 68 Applied Clinical Informatics Vol. 9 No. 1/2018
Measuring EHR Use in Primary Care Huang et al. 21 36 Meehan et al (2014), 41 Riddell et al (2014), 45 Shin and Sharac (2013), 46 Wright et al (2014), 47 This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. All measures encountered were focused on the use of different EHR functions. The types of functions measured varied between frameworks, with functions in public health, patient support, and administration being the least prevalent. This may be because these functions were perceived to have lesser value to clinical practice, and represent an extension of basic EHR functionality. The literature also shows that other measures of use exist, such as the change in use patterns in response to the addition of new EHR features. These measures should be taken into consideration when evaluating EHR use in the future. A recent development by HIMSS Analytics is the "Continuity of Care Maturity Model," 69 which outlines the stages of interoperability, information exchange, and care coordination beyond the stages of the HIMSS A-EMRAM. The "Continuity of Care Maturity Model" gauges the next steps toward an interconnected network of care, after the widespread adoption and advanced use of EHRs is achieved. This review also highlighted the importance of characterizing the overall level of EHR use of a practice or physician. Frameworks such as the HIMSS EMRAM and COACH's EMR Adoption and Maturity Model take a more user-oriented approach which measures overall use by successive levels. The implementation of adoption levels within this type of framework are an improvement over simpler frameworks that categorize advanced EHR use as a binary feature, for example, the CMS Meaningful Use requirements. A stepwise progression from basic to advanced use gives users a roadmap to follow, which can help to alleviate major barriers to the use of EHRs, including a lack of computer literacy in users, 7 and the perceived complexity of the EHR system. 70 Canadian provinces from which frameworks for EHR use were found in the review (BC, ON, SK) are among the provinces with the highest EHR adoption rates. 7 Another important consideration when measuring EHR use is the limitation of the EHR system itself. The degree of function use is limited by what functions exist in the system. As such, use should be evaluated in the context of EHR capability. Only a small number of studies in the review, such as Poon et al 44 and Gordon et al, 34 evaluated both the availability and use of functions. Current EHR product certification programs can ensure that systems adopted by health care providers can support advanced use. Use can also be limited by the infrastructure of the health care system within which the practice or physician is located. Jurisdictions that lack a network for sharing patient information limit the health information exchange capabilities of EHR users. Of note, the relationship between EHR use, EHR capability, and health care infrastructure is considered within the eHealth Observatory's EMR Adoption Framework. 22 Measuring EHR use has important implications in five main areas. The first is that individual users and teams could use an EHR use measure to assess their own level of the use of this technology, potentially supporting a stepwise progression in improvements in use. This could also enable comparisons among groups of users. Second, the motivation to use an EHR is tied to its value in clinical practice. 71 We know that a link exists between levels of EHR use and the potential benefits that may be realized in terms of care and patient outcomes. 18, 20 Better measurement of EHR use could further establish the link between types of use and the outcomes that may be achieved, thus emphasizing the value of advanced EHR in practice. Third, understanding EHR use more comprehensively could allow the development of tailored resources for training or the creation of unique support programs among different jurisdictions. Fourth, exploring EHR use may lead to improved knowledge of the factors which impact a practitioner's ability to achieve advanced or improved use. 57 Finally, assessments of patterns and levels of EHR use among practitioners could inform the refining or creation of EHR software products that are better aligned with actual clinical practice. 72 
Future Research
While there is mixed evidence of the impact of EHR use on clinical practice, 73 early research points to the importance of more mature, or advanced EHR use, 18 including integration with workflow, 20 in achieving positive effects. Further research could explore not only the impact of advanced EHR use on clinical practice and patient outcomes, but also the link between the use of specific EHR functions and their potential effects. With growing initiatives to assess the impact and uptake of EHRs, EHR research relating to care outcomes, barriers to use, and user satisfaction should apply a more nuanced view of EHR use. This more nuanced picture of use could capture the way a clinician uses the EHR during a patient encounter, for example, not just simply determining if an individual has used an EHR function or not. New research should therefore continue to explore aspects of EHR use by practitioners that go beyond assessing the use of individual software functions. Possibilities include exploring best practices in EHR use when interacting with patients, analyzing individual's use patterns, and examining changes in use behavior over time. Many unanswered questions remain, such as the appropriate use of EHR measures given different settings and systems, and ultimately, how best to help practitioners advance their use of EHRs.
Limitations
Additional studies relating to measuring EHR use in Canada have been released following completion of this review. 74, 75 There may be studies missed by the manual gray literature search. Finally, the categorization of functions was created by A.L.T. and M.Z.H.; other categorizations of EHR functions exist. 22 
Conclusion
With Canada and other select countries reaching high levels of EHR adoption, it is important to understand how these systems are being used in primary care. This scoping review explored the body of literature available regarding measuring the use of EHRs within primary care. We found that this literature is still in its early stages, but rapidly developing. Although certain frameworks were recurrent, many researchers are creating de novo measures. Therefore, there is a need to create more common, widely used, and validated framework for measuring EHR use. Creating a unified, multidimensional use assessment framework, and applying it consistently across jurisdictions, would have several benefits including: facilitating comparisons of levels of EHR use across primary care settings, supporting the identification of factors associated with higher and lower levels of EHR use, and limiting confusion about what framework to apply, thus simplifying the process of evaluating use.
This would also address the limitation of current frameworks which are mostly only applied in a limited capacity, and focus almost exclusively on use of EHR functions. Existing frameworks also do not consider the context of EHR system capability, which limits the degree of possible use. Most of the literature is focused on measuring use of specific EHR functions, and there is more work to be done in exploring other aspects of EHR use, such as how this technology is used during patient encounters, team versus individual use of the EHR, and the way different primary care practitioners use the EHR. We recommend that a nuanced view of EHR adoption be used in future studies, taking into account the variety of ways this technology is used in practice.
Clinical Relevance Statement
As adoption of EHRs in select countries increases, focus has shifted to measuring the use of these systems. By compiling and classifying current EHR use metrics, this review highlights the facets and nuances that must be considered when measuring EHR use. An understanding of these existing measures is essential to the development of unified and comprehensive EHR use metrics, which can facilitate the optimal use of EHRs by health care practitioners and organizations.
Multiple Choice Question
Within the current literature on that measures the use of EHR functions, which category of functionality is most often neglected?
a. Order Generation b. Public Health c. Administration d. Patient Support
Correct Answer: The correct answer is b. Our review found that Public Health EHR functions were the most neglected, with only 18 of the 36 articles which measured use of EHR functions including this category (see ►Table 1). 
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